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Abstract 
 The foliage of three Combretum species, C. apiculatum, C. molle and C. zeyheri, as well as that of 
Colophospermum mopane was collected over a period of two years. The chemical composition, in vitro 
organic matter digestibility (IVOMD) and the rumen degradability of dry matter (DM) and nitrogen (N) were 
determined on these samples. Mean values for crude protein (CP) concentration varied from 92 g/kg DM for 
C. molle to 141 mg/kg DM for C. mopane, the neutral detergent fibre concentration from 323 g/kg DM for C. 
apiculatum to 392 g/kg DM for C. molle and that of acid detergent fibre from 247 g/kg DM for C. 
apiculatum to 355 g/kg DM for C. molle. The calcium (Ca) concentration in the foliage was high (8–16 g/kg 
DM) compared to the phosphorus (P) concentrations of between 0.8-2.1 g/kg DM, resulting in an average  
Ca : P ratio of 9.3 : 1. The foliage contained relatively low levels of sodium (Na), 0.041 g/kg DM, based on 
beef cattle standards. The IVOMD ranged from 53% for C. mopane to 64% C. apiculatum and the rumen 
degradability of DM from 78% for C. molle to 94% for C. apiculatum. The DM degradability was 
substantially higher than that of nitrogen, which varied between 47% for C. apiculatum and 60% for C. 
zeyheri. It was concluded that the foliage tested would not be suitable sources of N to supplement protein 
deficiencies in low quality herbage. Furthermore, browsers would require additional sources of P and Na to 
avoid deficiencies in these elements.  
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Introduction 
The potential of foliage from fodder trees and shrubs in herbivore nutrition has been investigated in 
many recent studies (Topps, 1992; Degen et al., 1997; Sawe et al., 1998; El hassan et al., 2000). The plants 
studied, included multipurpose trees, forage legumes, shrubs and forbs. The value of these plants in animal 
nutrition is associated with features such as abundance, accessibility, protein content and quality in terms of 
available energy, minerals and vitamins (Kibria et al., 1994; Ramírez, 1998). The attention is focused on 
trees in terms of their utilization as browse for both livestock and game, but also in feeding strategies such as 
chopping and feeding them as part of the diet to livestock, or during periods of feed shortage (Topps, 1992; 
Kibria et al., 1994). Foliage is claimed to have a great potential as protein supplements to graminaceous 
fodder and crop by-products containing low protein and fermentable energy levels (El hassan et al., 2000). 
Larbi et al. (1998) emphasised that an important objective in the evaluation is also to identify tree species 
with a potential to be introduced in integrated crop and livestock agroforestry systems.  
These forages are important for animal production owing to their potentially good nutritive value. 
Their deep root systems take up minerals and access ground water during periods of water scarcity or when 
growing in poor topsoils (Topps, 1992). Many trees are evergreen or tend to have foliage longer into the dry 
season than grasses. Consequently, the chemical composition of the foliage of trees tends to vary less during 
the year than that of tropical grasses. Species in the Acacia and Combretum families have been identified as 
vital food sources for game, the giraffe in particular (Owen-Smith et al., 1983; Sauer, 1983). However, a 
major limitation in the utilisation of foliage as feedstuff is the presence of anti-nutrient components such as 
tannins in the leaves of many tree species (El hassan et al., 2000). 
According to Ramírez (1998) there is a need for more research into ways of managing browse to 
balance forage quality and quantity. The present study was undertaken to assess the potential nutritional 
value of the foliage of selected tree species found in the northern region of South Africa. 
 
Materials and Methods 
Foliage of the following tree species, Combretum apiculatum (red bushwillow), Combretum molle 
(velvet bushwillow), Combretum zeyheri (large-fruited bushwillow) and Colophospermum mopane (mopane) 
was collected over a period of two years at different sites in and north of Pretoria in the Gauteng and 
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Limpopo provinces of South Africa.  The samples were collected from the trees throughout all four seasons. 
Green leaves plus their petiole were picked randomly by hand from different specimens per species at a site, 
and pooled. A sample of approximately 500 g dry matter (DM) was put in a paper bag and taken to the 
laboratory for preparation. After collection the samples were divided into two aliquots. One aliquot was 
washed by agitation in distilled water to establish the effect of dust contamination on the mineral 
concentration in the green leaves. Both aliquots were freeze-dried and milled. Each sample was divided into 
a coarsely milled (4 mm screen) sample for the in situ degradability determination and a finely milled sample 
(1 mm screen) for the in vitro digestibility studies and chemical analyses. The coarse samples were stored in 
plastic bags while the fine samples were stored in capped bottles. All samples were stored in dark cabinets 
pending analyses.  
The DM, nitrogen (N), crude protein (CP), ether extract (EE) and ash levels were determined 
according to the AOAC (1995) methods. The neutral detergent fibre (NDF) was determined using the 
method of Robertson & Van Soest (1981) and acid detergent fibre (ADF), acid detergent lignin (ADL) and 
acid detergent insoluble nitrogen (ADIN) according to the method of Goering & Van Soest (1970).  
The Acid Butanol assay for proanthocyanidins (Porter et al., 1986) was used to obtain the condensed 
tannin (CT) concentration of the samples. After wet digestion with a nitric-perchloric acid mixture, the 
calcium (Ca), magnesium (Mg), manganese (Mn), copper (Cu), cobalt (Co), zinc (Zn) and iron (Fe) 
concentrations were measured using atomic absorption spectrophotometry and the sodium (Na) and 
potassium (K) concentrations using flame emission spectrophotometry. The photometric method using 
molybdovanadate was used to measure phosphorus (P) concentrations in the foliage (AOAC, 1990). After 
wet digestion, a hydride generator attached to an atomic absorption spectrophotometer (Perkin-Elmer 2380) 
was used in the assay of selenium (Se) in the samples. A peach leaf sample from the National Institute of 
Standards and Technology (NIST, US Department of Commerce, Gaithersburg, MD) was used as Standard 
Reference Material (SRM 1572) to verify the accuracy of the Se analysis.   
The in vitro digestible organic matter (IVDOM) in the samples was determined using the method of 
Tilley & Terry (1963), as modified by Engels & Van der Merwe (1967). The in situ technique as 
standardized by the AFRC (1992) was followed to measure the rumen degradability of DM and N in the 
samples over a period of 48 h. A lucerne hay sample with a known DM ruminal disappearance (internal 
laboratory standard) was included in each batch of incubations. Rumen cannulated sheep, fed a lucerne hay 
diet, were used in the in situ study and to supply the inoculum for the in vitro digestibility study.   
The DM- and N-disappearance percentages (indicative of the herbage degradation kinetics) with 
time were fitted, using to the iterative least squares method in a nonlinear procedure (NLIN, SAS, 1994), to 
an exponential equation (Ørskov & McDonald, 1979): 
 
p = a+b [1 -exp-ct]  
where: 
 p     = the percentage herbage DM or N degraded after time t (h); 
a     = washing losses, soluble or rapidly degradable DM or N fraction. This value is the intercept 
of the degradation curve at time 0 h; 
b     = the insoluble but potentially fermentable DM or N fraction which will degrade with time; 
 c    = rate (/h) at which b is degraded 
  
The chemical composition and in vitro digestion data were subjected to the GLM procedure of SAS 
(1994). The level of significance was tested with the Fischer Test (Samuels, 1989). Unless otherwise 
indicated, significance was declared at P < 0.05.  
 
Results 
The chemical composition of the foliage from the different tree species is presented in Table 1. The 
CP concentration ranged from 70 to 170 g/kg DM, though very few samples contained < 100 g/kg DM.  
Mean CP concentrations differed (P < 0.05) between species, with the C. mopane being then highest at 141 
g/kg DM. A seasonal effect was observed only in C. apiculatum, where the CP concentration in winter was 
lower (P < 0.05) than those in the other seasons. The NDF levels of the samples varied between 300 and 400 
g/kg DM with no evidence of any seasonal effect.  Between species, NDF values differed (P < 0.05). The 
NDF levels were the highest in C. molle and C. mopane compared to the other two species.  The ADF levels 
varied between 211 and 360 g/kg DM. In spring, the ADF concentration was lower (P < 0.05) in  
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Combretum apiculatum  (red bushwillow) 
Winter  8 51 ± 3 107 ± 7a     
      
      
      
  
    
     
      
     
   
  





321 ± 14 261 ± 6a 1.8 ± 0.10 55 ± 3a 54 ± 3a 505 ± 37a 
Autumn 8 55 ± 2 119 ± 6b 326 ± 11 251 ± 5a 1.5 ± 0.05 52 ± 2a 40 ± 2b 515 ± 27a 
Spring 8 53 ± 3 118 ± 24b 319 ± 18 211 ± 8b 1.4 ± 0.11 43 ± 4a 37 ± 4b 286 ± 48b 
Summer 8 54 ± 8 118 ± 24b 332 ± 45 253 ± 20a 2.0 ± 0.25 80 ± 10b 45 ± 9ab 305 ± 120b 
Mean 54 ± 1.5p 122 ± 5pr 323 ± 7.1p 247 ± 4.8p 1.7 ± 0.13p 52 ± 2.4p 44 ± 6 467 ± 26p 
Combretum zeyheri (large-fruited bushwillow) 
  Winter 7 40 ± 4 109 ± 11 353 ± 14 a 312 ± 8a 1.5 ± 0.16 61 ± 5 41 ± 3a -
Autumn 8 41 ± 3 120 ± 7  372 ± 10a 306 ± 6a  1.7 ± 0.12 66 ± 4 26 ± 2b 104 ± 36a 
Spring 7 38 ± 5 125 ± 15 318 ± 19b 292 ± 12a 1.9 ± 0.20 51 ± 7 17 ± 5b -
Summer 8 40 ± 6 77 ± 17 297 ± 22b 230 ± 14b 1.2 ± 0.21 60 ± 8 35 ± 6a 196± 84b 
Mean 42 ± 1.6q 114 ± 5r 350 ± 7.6q 302 ± 5.1q 1.6 ± 0.18p 62 ± 2.5q 30 ± 6 359 ± 57p 
Combretum molle (velvet bushwillow) 
  Winter 2 71 ± 6 85 ± 10 382 ±16 356 ±19 2.0 ± 0.18 79 ± 9 45 ± 8 334 ± 149 
Autumn 4 54 ± 6 102 ± 10 398 ± 16 347 ±19 1.9 ± 0.17 75 ± 9 29 ± 8 312 ± 149 
Spring 2 73 ± 7 99 ± 11 409 ± 19 364 ± 22 2.1 ± 0.22 64 ± 10 19 ± 10 317 ± 175 
Summer 4 85 ± 12 69 ± 20 358 ± 34 352 ± 39 1.4 ± 0.34 76 ± 19 39 ± 8 354 ± 129 
Mean 67 ± 2.5r 92 ± 8q 392 ± 12.2r 355 ± 8.2r 1.9 ± 0.23p 75 ± 4.0r 33 ± 9 382 ± 54p 
Colophospermum mopane (mopane) 
Autumn 3 53 ± 2 154 ± 11 361 ± 21 299 ± 24 3.3 ± 0.06 136 ± 18 43 ± 8 660 ± 8 
Spring 3 55 ± 2 169 ± 11 373 ± 21 302 ± 24 3.0 ± 0.06 134 ± 18 41 ± 8 643 ± 8 
Summer 4 42 ± 2 99 ± 13 399 ± 26 322 ± 27 3.1 ± 0.10 168 ± 22 44 ± 9 659 ± 10 
Mean 50 ± 3.6s 141 ± 12p 380 ± 17.2qr 307 ± 11.6q 3.1 ± 0.08q 146 ± 5.7s 43 ± 9 652 ± 62q 
a, bWithin columns and species, different superscripts indicate seasonal differences (P < 0.05);  
p, q, r,sDifferent superscripts indicate differences (P < 0.05) between species means;  
1 mg STE/g - sorghum tannin equivalent   
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C. apiculatum than in the other seasons, while C. zeyheri contained the lowest ADF levels in summer. The 
average percentage ADF in the NDF was 83.5%. The ADIN and ADL concentrations did not show any 
seasonal differences within species though the C. mopane leaves contained higher (P < 0.05) ADIN and 
ADL concentrations than the other species tested. The CT concentration varied quite substantially, though 
the C. mopane leaves were higher (P < 0.05) over all seasons compared to the other species. 
The IVDOM in the leaves (Table 2) ranged from 52.6% in C. mopane and C. zeyheri to 64.1% for C. 
apiculatum, with no differences (P > 0.05) in digestibility between seasons. The rumen degradable 
characteristics of the Combretum species are presented in Table 3.  The soluble DM fractions (a) were very 
similar at ca. 33% for all three samples, while the soluble N fractions were much lower than the soluble DM 
fractions within species. Total DM degradability in all three species was between 78 and 94% compared to N 
disappearances of between 47 and 60%.  A similar trend between DM and N degradability was observed 
when degradability was calculated according to outflow rates.  
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Table 3  Rumen degradability characteristics of dry matter and nitrogen of the foliage of Combretum species 
 
 Degradation parameters 









PD K=0.02 k=0.05 k=0.08 
Dry matter        
Combretum apiculatum1 34.9 58.9 0.045 93.8 75.8 62.9 56.8 
Combretum  zeyheri2 35.4 47.2 0.056 82.6 70.5 604 54.9 
Combretum molle3 33.1 45.2 0.073 78.3 68.7 59.9 54.7 
 
Nitrogen 
       
Combretum apiculatum1 4.0 43.6 0.072 47.1 37.8 29.4 24.5 
Combretum  zeyheri2 25.4 35.0 0.042 60.3 49.1 41.4 37.5 
Combretum molle3 10.7 39.9 0.056 50.6 40.1 31.8 27.2 
1n = 20; 2n = 12; 3n = 10; 
a – soluble fraction;  b – insoluble fermentable fraction; c – degradation rate constant of the b fraction;  PD – extent of 
degradation (a+b);  
 
The washing of the samples after collection had no significant effect on the ash or mineral 
concentrations in leaves. Therefore, within each sample, the mineral concentrations of washed and unwashed 
samples were pooled.  Mean mineral concentrations in the foliage are presented in Table 4. The P 
concentration in all the species, except for C. apiculatum, was the highest (P < 0.05) in the summer. The 
average Ca : P ratio for all samples was 9.3 : 1. No consistent seasonal patterns could be observed in any of 
the other minerals. In fact, any significant differences between seasons were measured in only a few of the 
minerals, e.g. a low (P < 0.05) Cu concentration in C. apiculatum in summer compared to its Cu 
concentrations in autumn and winter.  In this study plant material was collected over a relatively wide range 
of soil types and climatic conditions. Some species have typical habitats, e.g. the Combretum species are 
often found in rocky hills and C. mopane is found only in the dry northern regions of the Limpopo Province, 
where the samples were collected. Therefore, since the foliage from different species was not necessarily 
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 Ca           P K Mg Na Cu Co Fe Zn Mn Se
 g/kg dry matter (DM) mg/kg DM µg/kg DM 
Combretum apiculatum (red bushwillow) 
Autumn  8.9 ± 2 1.4 ± 0.1b 6.6 ± 0.9 3.8 ± 0.3 0.036 ± 0.002 39.0 ± 17ab 0.16 ± 0.05 377 ± 31 18 ± 3  169 ± 40a 68 ± 16 
Winter    9.1 ± 1 0.9 ± 0.1a 5.7 ± 0.5 3.0 ± 0.2 0.035 ± 0.001 66.0 ± 11a 0.18 ± 0.03 391 ± 20 23 ± 2 48 ± 25b 82 ± 10 
Spring    9.5 ± 1 1.1 ± 0.1a 6.8 ± 0.04 3.0 ± 0.1 0.040 ± 0.003 27.0 ± 8b 0.13 ± 0.02 389 ± 11 22 ± 1 92 ± 18b 68 ± 7 
Summer   11.0 ± 3 1.0 ± 0.3a 5.7 ± 1.6 2.8 ± 0.5 0.043 ± 0.007 12.0 ± 34b 0.15 ± 0.10 399 ± 63 13 ± 5 29 ± 81b 46 ± 32 
Combretum zeyheri (large-fruited bushwillow) 
  Autumn 11.0 ± 3 1.0 ± 0.3a 5.7 ± 1.6 2.8 ± 0.5 0.036 ± 0.003 10.1 ± 5 0.1 ± 0.1 435 ± 75 65 ± 25 163 ± 58a 120 ± 66 
Winter   11.0 ± 1 0.9 ± 0.1a 6.7 ± 0.5 2.1 ± 0.2 0.040 ± 0.002 11.0 ± 1.2 0.11± 0.03 299 ± 41 41 ± 9 91± 20a 112 ± 23 
Spring  10.0 ± 1 1.1 ± 0.1a 6.9 ± 0.4 2.3 ± 0.2 0.037 ± 0.004 14.0 ± 1.0 0.1 ± 0.02 223 ± 31 44 ± 6 29 ± 15b 149 ± 17 
Summer   12.0 ± 2 1.5 ± 0.2b 7.1 ± 0.8 2.1 ± 0.3 0.046 ± 0.008 15.0 ± 1.7 0.1 ± 0.04 195 ± 58 23 ± 12 58 ± 29 a 74 ± 32 
Combretum molle (velvet bushwillow) 
 Autumn 16.0 ± 4 0.8 ± 0.2a 6.9 ± 1 3.2 ± 0.1 0.041 ± 0.002 7.9 ± 0.4a 0.18 ± 0.1a 311 ± 50 37 ± 13 51 ± 29 159 ± 35 
Winter 8.4 ± 5 1.1 ± 0.4ab 6.9 ± 1 1.4 ± 1.0 0.041 ± 0.002 7.8 ± 1.0a 0.17 ± 0.1a 275 ± 71 38 ± 19 59 ± 59 107 ± 74 
Spring 10.0 ± 3 1.5 ± 0.2b 6.4 ± 1 3.2 ± 0.1 0.038 ± 0.003 9.2 ± 0.4b 0.16 ± 0.1a 235 ± 71 39 ± 14 111 ± 29 79 ± 35 
Summer 9.4 ± 4 1.7 ± 0.3b 6.5 ± 1 1.4 ± 0.1 0.033 ± 0.004 9.1 ± 1.0b 0.69 ± 0.1b 234 ± 71 17 ± 19 134 ± 40  92 ± 49 
Colophospermum mopane (mopane) 
 Autumn 7.9 ± 2b 0.8 ± 0.2b 7.8 ± 1 1.7 ± 1.0b 0.037 ± 0.01 12.0 ± 2.4 0.25 ± 0.2 207 ± 13 27 ±  3 112 ± 39 149 ± 35b 
Spring 11.2 ± 2a 1.4 ± 0.2b 1.2 ± 1 2.8 ± 0.2a 0.052 ± 0.01 11.0 ± 1.7 0.12 ± 0.1 169 ± 12 15 ± 3 102 ±  28 76 ± 25a 
Summer 9.1 ± 2b 2.1 ± 1.0a 6.8 ± 1 1.9 ± 0.3b 0.060 ± 0.01 15.0 ± 2.0 0.36 ± 0.1 176 ± 11 20 ± 3 166 ± 34 57 ± 31a 
a, bWithin columns and species different superscripts indicate seasonal differences (P < 0.05) 
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collected at the same location, a comparison in mineral concentration between tree species was considered 
largely meaningless, except if a species would display a distinct difference in the mineral concentration, 
which would have indicated that the plants could be a mineral accumulator. In general, the mineral 
concentrations were very similar, except for high concentrations of Cu in autumn and winter in C. 
apiculatum compared to the other species.   
 
Discussion 
The CP concentration of the foliage of the four species analysed, varied between approximately 70 
and 170 g/kg DM. This is towards the lower range of protein concentrations reported for the foliage of 
browse plant species (Rittner & Reed, 1992; Apori et al., 1998; Larbi et al., 1998; Sawe et al., 1998; El 
hassan et al., 2000), especially lower than the CP levels in legume fodder trees and shrubs (Topps, 1992). In 
the present study, the CP levels of C. apiculatum leaves were similar to those measured by Groenewald et al. 
(1967), Sauer (1983) and Balogun et al. (1998). The CP concentrations in the leaves of C. molle and C. 
zeyheri were lower than those reported by Sauer (1983) and Malinga et al. (1999), while those in C. mopane 
were higher than levels reported by Groenewald et al. (1967). Factors such as differences in climate, soil 
types, etc. could have contributed to these differences. Ghanaian browse plants (presumably non-
leguminous) had CP levels of 180 and 260 g/kg (Apori et al., 1998). Larbi et al. (1998) reported similar 
higher levels of CP in fodder trees and shrubs in the humid tropics, and El hassan et al. (2000) in 
multipurpose leguminous trees, than in the present study. The four species investigated were all deciduous 
and only green leaves on trees were collected. The composition of fallen leaves and pods was not measured, 
but this might have been valuable to provide information on their CP concentrations for application when 
grasses are dry. El hassan et al. (2000) concluded that the multipurpose leguminous trees that they had 
analysed, should be good protein supplements provided that they are degraded in the digestive tract and are 
non-toxic. However, Shayo & Udén (1999) pointed out that, although most browse species had high CP 
levels, tannins, if present, would interfere with the digestibility of the proteins and that a large proportion of 
the CP could be bound to the cell walls. Consequently, they concluded that a measurement of the CP 
concentration of topical browse is not a reliable indication of available protein in the leaves. 
The concentrations of NDF and ADF in the foliage of C. apiculatum and C. molle were similar to the 
values reported by Balogun et al. (1998) and Malinga et al. (1999) for the same species respectively, though 
the ADL concentration in the present study was higher than that reported by Balogun et al. (1998). The 
foliage of C. mopane exhibited higher ADL concentrations than that of the Combretum species. Ghanaian 
browse plants (Apori et al., 1998) and multipurpose fodder trees and shrubs in the humid tropics (Larbi et 
al., 1998) contained NDF and ADL levels in ranges similar to those observed in the present study. In 
general, the browse species analysed in this study and in the reported investigations had lower levels of NDF 
than a large variety of grass species quoted by Meissner & Paulsmeier (1995), while ADF and ADL 
concentrations were within the same range of the grass species. However, although the detergent extraction 
techniques are used regularly when analysing foliage from trees and browse plants (Balogun et al., 1998; 
Kallah et al., 2000), Makkar et al. (1995) pointed out that these techniques are not suitable for tannin-rich 
forages. The concentration of CT measured in the present study is expressed in terms of a specific standard 
(Mokoboki et al., 2002), sorghum tannin equivalent in this study, and not as the concentration in the dry 
material.  This makes it difficult to interpret the results. However, the foliage apparently contained relatively 
high levels of CT, which would probably interfere with the availability of protein in a ruminant and in the 
laboratory determination of the detergent fibres. 
The IVDOM range of the plants in the present study (53 to 64%) fell within the range of 36 to 69% 
in vitro DM digestibility observed for tropical browse plants (Sawe et al., 1998) and in vivo OM 
digestibilities in goats (Kibria et al., 1994). However, the IVDOM levels were markedly lower than the in 
situ DM degradation of the same plant material. The rumen DM degradation estimates of the species in this 
study were within the range of those of various forage plants evaluated by Kamatali et al. (1992) and 
Balogun et al. (1998). Khazaal et al. (1994) and Apori et al. (1998) pointed out that the in situ technique 
should be used with caution when estimating the nutritive value of feeds containing high levels of phenolics 
because the potential negative effect of phenolic compounds on rumen microbial fermentation is unlikely to 
be detected by in situ methods. In vitro methods such as IVDOM and gas production measurements are more 
reliable in detecting inhibitory compounds in feeds because these compounds are likely to affect the activity 
of rumen microbes in a closed system (Khazaal et al., 1994; Balogun et al., 1998; El hassan et al., 2000). 
However, the in situ DM degradation may reflect the potential of the foliage for species possessing the 
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ability to detoxify tannins, such as goats and probably many game species (Van Soest, 1994). The rumen 
degradability of DM in the present study was substantially higher than that of N. Using Ghanaian browse 
plants, Apori et al. (1998) found that the N degradability was equal and even higher than the DM 
degradability. They concluded that the browse species they had evaluated, contained low concentrations of 
compounds that would inhibit N digestion. 
In many investigations leaves from trees and shrubs are proclaimed as suitable supplements to 
graminaceous fodder and crop by-products containing low protein and fermentable energy levels (Sawe et 
al., 1998; El hassan et al., 2000). However, Blair (1989) pointed out that such a supplement should constitute 
less than 15% of total feed intake. Furthermore, the concentration of the nutrients required in a supplement, 
such as tree or shrub fodder, should be about five times that required for the complete feed.  It is concluded 
that the foliage from the Combretum species and C. mopane analysed in the present study contained too low 
concentrations of CP, the availability of which is probably further reduced by tannins, to be considered as 
possible N supplements to grasses. By feeding the foliage, it would probably substitute some of the grass and 
complement a protein deficiency in dry grass. However, these species grow mainly in the arid subtropical 
regions of southern Africa, the so-called sweetveld regions, where grass maintains a relatively high level of 
nutrition even when dry (Tainton et al., 1993). The foliage of the tested species would obviously be valuable 
fodder sources during periods of feed scarcity, e.g. during droughts and in overgrazed situations, but cannot 
be considered as supplements to grass for grazing herbivores. Degen et al. (1997) concluded that the two 
Acacia species they had tested were unsuitable as sole food sources for small ruminants because of low 
intakes and negative N balances. 
The ash content of the foliage in the present study compared well with that of the same species 
analysed by Groenewald et al. (1967), but was much higher than the values reported by Sauer (1983). Many 
factors can influence the concentration of mineral elements in plants, e.g. the plant species, minerals in the 
soil and their availability to the plant, soil type and soil pH, stage of growth, etc. (Underwood & Suttle, 
1999). These factors and conditions differed between the species tested in the present study and would affect 
comparisons with values within species reported in the literature.  When interpreting the results it has to be 
kept in mind that browsers select from a variety of tree and bush species and would not consume the foliage 
of the tested species only (Owen-Smith et al., 1983; Sauer, 1983). 
The rinsing of the green leaves did not affect the mineral composition of the leaves. The effect of 
dust contamination on mineral concentration of the leaves is likely to be more pronounced during dry 
seasons and would depend on the mineral content of the dust. Gummow et al. (1991) and Grobler (1999) 
measured high concentrations of Cu on plant material close to an open shaft copper mine. This was found to 
be largely due to Cu in the dust, which contaminated the vegetation. Where no Cu contamination occurred, 
the washing had minimal effect on the Cu concentration of plants (Grobler, 1999).  
In two of the four species, the P concentration in the leaves was significantly higher (P < 0.05) in 
summer than in the other seasons. Groenewald et al. (1967) did not find any seasonal trend in the P 
concentration of C. apiculatum and C. mopane leaves, while Ramírez et al. (2001) found that the mineral 
concentrations in shrub species in Mexico were generally higher in spring and summer than in the other 
seasons.  No consistent seasonal pattern could be observed for any of the other minerals. In fact, in only a 
few of the minerals were any significant differences between seasons measured, e.g. the low (P < 0.05) Cu 
concentration in C. apiculatum leaves in summer compared to Cu concentrations in autumn and winter. 
Although differences between species were not compared statistically, the mineral concentrations were very 
similar, except for high concentrations of Cu in autumn and winter in C. apiculatum.   
When comparing the mineral concentrations in the leaves of the trees studied with mineral 
requirements of cattle and sheep under maintenance feeding conditions (NRC, 1996; Underwood & Suttle, 
1999) it is evident that the Ca and Mg concentrations in all species investigated were well above 
maintenance requirements throughout the different seasons. The Ca concentrations were exceptionally high, 
while the P concentration in the leaves was marginally below requirements of growing beef cattle, which 
varies between 1.2 and 2.7 mg P/kg DM (NRC, 1996). This resulted in the high Ca : P ratio of 9.3 : 1. The C. 
apiculatum and C. mopane analysed by Groenewald et al. (1967) contained approximately the same 
concentration of P as in our study. Due to higher Ca levels they measure an even wider Ca : P ratio than in 
the present study. Topps (1992) summarised the results of different studies on legume shrubs and trees in 
which wide Ca: P ratios of up to 21.3:1 were measured, and Ramírez et al. (2001) reported similar wide Ca : 
P ratios for browse species in Mexico. Ruminants can tolerate a relatively wide Ca : P in the diet provided 
that the P intake is high (Underwood & Suttle, 1999).  Otherwise, the bioavailability of P would be 
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drastically reduced and a P deficiency could occur (Underwood & Suttle, 1999). Analysing the nutritional 
quality of the browse selected by giraffe in the Serengeti National Park, Pellew (1984) concluded that giraffe 
might select plant material high in P, but found that the Ca : P ratio was still much higher than what is 
recommended for grazing livestock. Earlier, Western (1971) and Wyatt (1971) reported the occurrence of 
osteophagia, a symptom of P deficiency, in giraffe in Kenya. Similarly, Koen et al. (1988) calculated from 
the feed consumed by elephants in the Addo, Knysna and Kruger parks in South Africa that their diets 
contained Ca : P ratios of > 6.25 : 1.  
The foliage of all four tree species was slightly deficient in Na for livestock throughout the year, in 
agreement with observations by Blair (1989) and Topps (1992), while K concentrations were within the 
levels of adequacy for cattle (NRC, 1996). The concentration of Cu, Mn and Co in the plant material 
analysed (Table 4.4.), would meet the requirements of these minerals for ruminants. The Fe concentrations 
were well above requirements, but not present at toxic levels. The Se concentration in only C. apiculatum 
was lower than the requirements for herbivores (NRC, 1996). The concentration of Zn in the foliage varied, 
though it was within the range considered adequate for sheep and cattle, according to Underwood & Suttle, 
(1999), but low, according to the NRC (1996). The Cu concentration in the C. mopane leaves in our study 
compared well with the concentrations of 7.5–15.5 mg Cu/kg DM in C. mopane leaves collected by Grobler 
(1999) in their control area, where no Cu contamination due to Cu containing dust was expected.  
 
Conclusion 
It was concluded that, because of the relatively low CP concentrations of foliage of the three 
Combretum species and C. mopane and the possible depressing effect of tannin on CP availability, the 
foliage of these species would not be effective protein supplements for ruminants grazing poor quality grass. 
The high Ca : P ratio and the low Na concentration in the foliage suggested that browsers consuming 
relatively large quantities of the material would need additional P and Na sources to overcome possible 
deficiencies in P and Na. This would be an important consideration where these products are fed to 
ruminants under controlled or confined situations. 
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